Introduction
In contrast to the abundance of beef cattle genotypes in the U.S. that are adapted to temperate climates, germplasm sources with adaptation to warm climates are generally limited to Zebu breeds ( Bos indicus) and, within these, primarily to the American Brahman. The major niche for Braham cattle has been in crossbreeding programs that combine the tropical adaptation of Brahman with the more desirable carcass characteristics and reproductive efficiency of temperately adapted Bos taurus breeds (Cundiff, 1985  7  4  166  42  98  11  27  -1986  6  3  164  33  100  29  26  -1987  7  5  132  61  68  52  26  -1988  6  4  105  68  54  47  22  -1989  6  4  121  85  63  55  19  -Phase II   1990  6  4  142  107  83  54  18  20  1991  6  4  92  105  30  35  13  20  1992  3  3  63  83  17  29  25  34 tolerant to heat as Brahman (Hammond and Olson, 1994; Hammond et al., 1996) , and, because it is Bos taurus (Hupp, 1981; Williams et al., 1988) , it may offer some alternative traits for beef cattle producers. However, like most beef cattle breeds, including Brahman, the potential usefulness for Senepol will be in crossbreeding systems. Although levels of heterosis have been shown to be less in progeny from Bos taurus × Bos taurus crosses than in Bos indicus × Bos taurus crosses, it is not clear what levels of heterosis would be expected in the southeast when one of the two Bos taurus breeds is tropically adapted. Therefore, the objectives of this research were to determine preweaning performance traits of Senepol ( S × S) , Hereford ( H × H) , and reciprocal (Senepol × Hereford [S × H] and Hereford × Senepol [H × S]) F 1 crossbred calves and the feedlot performance and carcass characteristics of steers in subtropical Florida and to use these data to calculate levels of heterosis.
Materials and Methods
At the Subtropical Agricultural Research Station (STARS) located near Brooksville, Florida, a multiyear study was conducted in two phases to determine the preweaning performance traits of S × S, H × H, and reciprocal ( S × H and H × S ) F 1 crossbred calves and the feedlot performance and carcass characteristics of steers. The Senepol cattle used in this study were from a 1982 importation of 44 heifers and 4 bulls from St. Croix, U.S. Virgin Islands. The Hereford cattle were descendants of cattle used in previous genotype × environment interaction studies conducted at STARS (Burns et al., 1979) . From 1985 to 1989 (i.e., Phase I), preweaning data were collected from S × S ( n = 194), H × H ( n = 383), and S × H ( n = 120) calves (Table 1) . From 1990 to 1992 (i.e., Phase II), increased numbers of S × S cows were available as a result of retaining all S × S heifers during Phase I. Thus, in Phase II, preweaning data from H × S (n = 74) calves were collected to be compared with contemporary data from S × S ( n = 118), H × H (n = 130), and S × H ( n = 56) calves (Table 1) . Inclusion of data from the reciprocal ( H × S and S × H) F 1 crossbred calves in Phase II allowed for the estimation of direct heterosis, maternal breed effects, and direct breed effects. Additionally, in Phase II, postweaning feedlot performance and carcass characteristics were collected from S × S ( n = 30), H × H ( n = 26), S × H ( n = 26), and H × S ( n = 36) steers.
In March of each year, cows were stratified by age as equally as possible and divided into 6 to 12 singlesire breeding herds (Table 1) . Heifers entered the cow herds at this time as 2-yr-olds to calve first at 3 yr of age. In 1985 and 1986, H × H heifers were included in breeding herds separate from the cows ( 7 to 12 heifers/bull). After 1986, all heifers were stratified across cow breeding herds as equally as possible. Within each year and sire breed, cow breeding herd size was kept constant and ranged from 14 to 28 females per H × H bull and 19 to 30 females per S × S bull. In Phases I and II, S × H calves were produced by including H × H cows in S × S breeding herds, and, in Phase II, H × S calves were produced by including S × S cows in H × H breeding herds.
In addition to the imported S × S bulls, S × S and H × H bulls were selected from within the STARS herds primarily based on 18-mo body weight, physical characteristics, and breeding soundness examination. The breeding season began approximately March 20 each year. In 1984 In and 1985 In (i.e., for calves produced in 1985 , the duration of the breeding season was 45 d for H × H-and 60 d for S × S-sired breeding herds (Larsen et al., 1990) . In 1986 and 1987, the duration of the breeding season was 60 d for H × H-and 120 d for S × S-sired breeding herds. After 1987, the duration of the breeding season was 90 d for S × S-and H × H-sired breeding herds.
Cows were placed on bahiagrass ( Paspalum notatum Flugge) or mixed bahiagrass-legume pastures at the same location throughout the study. Bahiagrass hay (large round bales) was offered free choice to all cattle from first frost (about November 15) through approximately April 1, when spring grass became available. Cows were supplemented on a per-cow basis. Cows were supplemented three times each week at a rate equivalent to .9 kg·cow −1 ·d −1 of a commercially available 20% CP range cube supplement ( ≤5% crude fiber, ≤4% total mineral ingredients, ≥2% crude fat, ≥4,545 USP units vitamin A/kg, ≥2,272 USP units vitamin D 3 /kg, and ≥4.5 USP units vitamin E/kg) fed on the ground. Depending on availability, perennial peanut ( Arachis glabrata Benth.) hay (large round bales) was substituted for 20% CP range cubes at the rate of 2.3 to 2.7 kg of perennial peanut hay for .9 kg of 20% CP range cube supplement (Hammond et al., 1992) . Additionally, cow herds were supplemented with blackstrap molasses fed in open troughs twice weekly at a rate equivalent to 1.9 kg·cow −1 ·d −1 . From 1984 to 1989, supplementation of the cow herds with molasses began at first frost (approximately November 15) and supplementation with 20% CP range cubes (or perennial peanut hay) began at the start of calving (approximately January 1). After 1989, supplementation of the cow herds with 20% CP range cubes began at first frost and molasses supplementation began at the start of calving. As with the feeding of hay, range cube and molasses supplementation ceased in spring when pasture growth commenced (approximately April 1). A custom mineral mixture (25 to 32% salt, 15 to 18% Ca, 5 to 8% P, ≥.94% Fe, ≤.15% Fl, ≥.10% Cu, ≥.01% Co, and .0010 to .0015% Se) was offered throughout the year in mineral boxes.
At birth, calves were identified (ear-tagged and tattooed) and weighed. In September, calves were weighed, separated by sex, and weaned. Adjusted 205-d BW and ADG from birth to weaning were calculated.
During Phase II, weaned calves were fed a commercially prepared medicated diet ( ≥11% CP, ≥16% crude fiber, 4% total mineral ingredients, ≥2% crude fat, 193 mg chlortetracycline/kg, and 190 mg sulfamethazine/ kg) for approximately 1 mo after weaning. Soon after weaning, bull calves were surgically castrated. Approximately 1 mo after weaning (mid-October), steers were ranked by BW from heaviest to lightest within breed and divided so that equal numbers of steers were assigned to two drylot pens for each breed. Throughout the study, no more than seven steers were assigned to each pen. The same eight pens were used each year, and each pen consisted of a covered concrete pad (4.6 × 9.1 m ) and bunk (4.6 m ) with an uncovered dirt run (4.6 × 43.3 m). Over a 6-wk period, steers were gradually adjusted from an initial diet (72.5% corn, 15% cottonseed hulls, and 12.5% of a commercial protein, vitamin and mineral premix containing not less than 52.0% CP, 3.0% Ca, 1.5% P, 74,800 USP units vitamin A/kg, not more than 7.5% salt, and 294 mg monensin/kg) to the final diet (82.5% corn, 10% cottonseed hulls, and 7.5% premix). Steers were group-fed by pen on a daily basis until they were adjusted to the final diet, after which they were fed daily on weekdays, with the weekend's amount included on Friday. The amount fed was adjusted at each feeding so that feed was available at all times but orts were minimized. Bunks were cleaned and orts were weighed (and discarded) at 28-d intervals.
At the start of the feedlot phase, steers were given an oral dewormer (fenbendazole) and an ear implant (Ralgro ® , International Mining & Chemical Corp., Terre Haute, IN). Full and shrunk (24 h without feed and 16 h without water) BW were collected at the start and the end (just prior to slaughter) of the study. To monitor animal performance during the study, full weights were collected at approximately 28-d intervals. As early as 84 d on feed and continuing at 28-d intervals, fat thickness over the longissimus muscle between the 12th and 13th ribs ( FOE) was measured using an ultrasound unit equipped with a 3.5-MHZ probe (Aloka 210 ® , Corometrics Medical Systems, Wallingford, CT). When a pen had been on feed for at least 110 d and one-half or more of the steers in that pen were estimated to have at least 10 mm FOE, the entire pen was slaughtered. All steers were processed locally at the Central Packing Co., Center Hill, FL.
Carcasses were chilled at 0 to 2°C for 24 h, ribbed, and graded for USDA quality and yield grade factors. Carcass characteristics that were evaluated included hot carcass weight, FOE, FOE adjusted for overall carcass fatness, longissimus muscle area, estimated percentage of kidney, pelvic, and heart fat, yield grade, lean maturity, bone maturity, and overall maturity. Degree of marbling was evaluated and scored on a scale of 0 to 900, where 0 = devoid and 900 = abundant. Quality grade was scored from Utility = 300 to Prime = 700. Color of the longissimus muscle lean was scored on a scale of 1 to 8, where 1 = dark pink and 8 = very dark red. Texture of longissimus muscle lean was scored on a scale of 1 to 7, where 1 = very fine and 7 = extremely coarse. Firmness of longissimus lean at the 12th rib was scored on a scale of 1 to 7, where 1 = very firm and 7 = extremely soft. Subcutaneous fat color was scored on a scale of 1 to 4, where 1 = white and 4 = very yellow.
A strip loin was removed from each carcass after it was graded, trimmed of external fat and to a thickness of 2.54 cm, vacuum-packaged in oxygen barrier bags (Cryovac ® , Duncan, SC), aged for 5 d at 2°C, and then frozen at −18°C until Warner-Bratzler shear determinations were performed. Loin steaks were thawed for 18 h at 4°C. A thermocouple was placed in the geometric center of thawed steaks, and steaks were placed on Farberware Open-Hearth ® grills (Model 455N, Yonkers, NY). Steaks were heated to an internal temperature of 50°C then were turned over and cooked to a final internal temperature of 70°C (AMSA, 1978) . After the steaks were cooled to 21°C, six cores (1.27 cm in diameter) were removed parallel to fiber orientation from each steak. Peak shear force was measured using a Warner-Bratzler shearing device. Data were analyzed using the MIXED procedure of SAS (Littell et al., 1996) . Preweaning data were analyzed separately for each phase due to the inclusion of H × S data in Phase II but not in Phase I. A factor termed "status of the dam" was defined as 1 ) 3-yr-old, 2 ) 4-yr-old that did not raise a calf the previous year, 3 ) 4-yr-old that raised a calf the previous year, 4 ) greater than 4-yr-old that did not raise a calf the previous year, and 5 ) greater than 4-yr-old that raised a calf the previous year. In both phases, the status of the dam × breed of dam interaction was not significant. Because the effect of year and interactions between year and breed were not significant, year was considered as a replicate in time. Therefore, the final model included the effects of calf breed, sire within breed, calf sex, and status of the dam. Sire within breed was considered a random effect. Status of the dam was significant for each of the traits studied. Data from feedlot and carcass characteristics in Phase II were analyzed as a completely randomized design. Steer age and its interaction with breed were not significant when steer age was included as a covariate in the model; therefore, steer age was not included in the final model. For feedlot data, the final model included effects due to breed, pen within breed, and sire within pen within breed. For carcass data, the final model included effects due to breed and sire within breed. Sire effects were considered random for feedlot and carcass data. For feedlot data collected on each pen, the final model only included breed effects. The estimation of parameters and tests of hypotheses were done through a weighted ANOVA, with weights being the number of steers per pen. For Phase I, breed effects were partitioned into the orthogonal contrasts: H × H vs S × S and S × H vs .5[(H × H) + ( S × S)]. For Phase II, linear contrasts were used to estimate direct heterosis as .5 [(H × S + S × H) − (H × H + S × S)], maternal breed effects as (H × S − S × H), and direct breed effects as ( H × H + H × S ) − ( S × S + S × H). All data are reported as least squares means.
Results and Discussion

Phase I
Birth weight of S × S calves was heavier ( P < .01) than that of H × H calves (34.1 vs 32.1 kg), and birth weight of S × H calves was heavier ( P < .01) than the mean of the purebred calves (35.7 vs 33.1 kg; Table  2 ). As expected, bull calves ( n = 318) had heavier ( P < .01) birth weight (35.6 ± .43 vs 32.4 ± .42 kg), 205-d adjusted weaning weight (206 ± 2.5 vs 190 ± 2.4 kg), and ADG from birth to weaning (833 ± 11.3 vs 771 ± 11.0 g ) than did heifer ( n = 379) calves. The 205-d adjusted weaning weight was heavier ( P < .01) for S × S than for H × H calves (214 vs 183 kg; Table  2 ). There was no difference in 205-d adjusted weaning weight between S × H calves and the mean of the purebred calves. Average daily gain from birth to weaning was greater ( P < .01) for S × S than for H × H calves (875 vs 739 g ) and did not differ significantly between S × H calves and the mean of the purebred calves.
The birth and weaning weights observed for the H × H calves in the present study are within the range of birth and weaning weights reported by Burns et al. (1979) for H × H calves. The birth weights observed for the S × H calves are in agreement with those reported by Thrift et al. (1986) and Thompson et al. (1991) for S × S-sired crossbred calves but were heavier than those reported by Butts (1987b) and Olson (1987b) for S × S-sired crossbred calves and those reported by Thrift et al. (1986) and for S × S-sired crossbred calves from firstcalf heifers. The weaning weights observed for the S × H calves in the present study were in agreement with those reported by Thrift et al. (1986) for S × S-sired crossbred calves, were heavier than those reported by Thrift et al. (1986) and for S × S-sired crossbred calves from first-calf heifers, and were less than those reported by Olson (1987b) for S × S-sired calves from Zebu crossbred dams.
Phase II
The number of S × S cows was increased in phase I so that data from H × S calves in addition to H × H, S × S, and S × H calves would be available in Phase II. The inclusion of both reciprocal F 1 crosses and parental breeds allowed for the determination of estimates of direct heterosis, maternal breed effects, and direct breed effects. As expected, male calves ( n = 183) had heavier ( P < .01) birth weights (35.0 ± .50 vs 32.4 ± .48 kg), 205-d adjusted weaning weights (219 ± 2.6 vs 204 ± 2.5 kg), and ADG from birth to weaning (896 ± 11.6 vs 839 ± 11.2 kg) than did heifer calves ( n = 195). Direct heterosis was 3.5% for birth weight ( P < .05), 5.1% for 205-d adjusted weaning weight ( P < .01), and 5.4% for ADG from birth to weaning ( P < .01; Table 3 ). These levels of heterosis are within the ranges and approximate the mean for each of the traits summarized over a number of experiments by Long (1980) . The levels of heterosis for birth and weaning traits reported in the present study are, however, less than those reported in the literature for Bos indicus × Bos taurus crosses (Cundiff, 1970; Franke, 1980; Reynolds et al., 1980; Roberson et al., 1986; Brown et al., 1993) . This is not surprising because the S × S and H × H are both Bos taurus and would not be expected to be as genetically divergent as Bos indicus × Bos taurus crosses.
The maternal breed effects of S × S surpassed those of H × H dams for birth weight (1.9 kg; P < .10), 205-d adjusted weaning weight (37.9 kg; P < .01), and ADG from birth to weaning (175 g; P < .01; Table 3 ). Direct breed effects were not important ( P > .10) for any preweaning growth traits that were measured. The relationship between birth weight and calving difficulty is well established, and increases in birth weight due to heterosis and S × S maternal breed effects are not desirable. Birth weights encountered in both phases of the present study would not be considered excessive and calving difficulty was minimal, an observation in agreement with former studies that included S × S-sired crossbred calves from first-calf heifers (Thrift et al., 1986; . The significant S × S maternal breed effects observed for weaning weight and preweaning ADG are likely due to greater milk production of the S × S dams. The S × S cattle were initially developed from crosses between Red Poll ( a dual-purpose breed) and N'Dama cattle, and emphasis was placed on maternal breed traits (Hupp, 1987) .
Steer calves averaged 262 d of age when they entered the feedlot (Table 4) . Direct heterosis (13.2%; P < .01), the S × S maternal breed effect (48.9 kg; P < .01), and H × H direct breed effect (27.2 kg; P < .01) were important for initial BW. When fed to a common end point (estimated 10 mm backfat thickness), direct heterosis was important for ADG (10.6%; P < .01), final BW just prior to slaughter (6.4%; P < .01), days on feed ( −13.6%; P < .05), and average daily feed intake (9.9%; P < .01). The direct heterosis of 10.6% for feedlot ADG is above the mean ( 6 % ) that Long (1980) summarized for postweaning ADG from a number of experiments conducted across a variety of experimental conditions. Even though it is difficult to compare studies because of different management conditions, particularly due to differences in levels of nutrition and slaughter end points, the heterosis for feedlot ADG in the present study was similar to that reported between Brahman and Charolais crosses, less than that of Angus and Brahman crosses, and more than that of Angus and Charolais crosses (Peacock et al., 1982) .
Senepol maternal breed effects were important for final BW (50.0 kg; P < .01) and gain/feed ( −12 g/kg; P < .05; Table 4 ). Hereford direct breed effects were important for ADG (.32 kg; P < .01), days on feed ( −68 d; P < .01), and gain/feed (33 g/kg; P < .01). The greater number of days on feed, lower ADG, and lower gain/feed of the S × S steers relative to the other breed types seemed to account for most of these breed effects.
The differences in feedlot performance between S × S, H × H, and S × H steers reported in the present study are in general agreement with previously published data from our location (Mujica et al., 1995) . In that study, when steer calves were fed to a common backfat end point, S × S steers had heavier final BW (556 kg), lower ADG (1.2 kg), and required more days on feed (264 d ) than H × H steers (492 kg, 1.5 kg and 191 d), and the S × H steers gained faster (1.4 kg/d) than the mean of the purebreds (1.3 kg/d) but finished at similar BW (547 kg) and days on feed (217 d). Franke and McMillin (1987) reported higher ADG in the feedlot, heavier slaughter BW, and heavier carcass weight for Red Poll than for S × S-or Longhorn-sired crossbred calves when calves were fed for a similar number of days. Other feedlot data have generally indicated feedlot performance of S × S-sired crossbred calves to be comparable to that of Brahmanand Brahman derivative breed-sired crossbred calves (Butts, 1987a; Olson, 1987a; Crews et al., 1995; Franke, 1997) .
When fed to a common estimated backfat end point, there were few breed differences in carcass characteristics in the present study (Table 5) . Estimates of direct heterosis were generally low and not significant for most carcass traits that were measured. However, direct heterosis for longissimus muscle area (6.0%; P < .05) was important. Senepol maternal breed effects were important for hot carcass weight (33.5 kg; P < .05) and Warner-Bratzler shear force ( −1.0 kg; P < Table 3 . Direct heterosis, maternal breed, and direct breed effects for preweaning growth traits of Hereford (H × H), Senepol (S × S), Hereford × Senepol (H × S), and Senepol × Hereford (S × H) calves produced during Phase II (least squares means ± SE) 221 ± 2.5 207 ± 3.2 206 ± 2.6 216 ± 3.3 -2 ± 2.7 (.03) -9 † ± 4.5 6 ± 5.5 Adjusted weaning weight, kg a 186 ± 3.6 237 ± 4.4 225 ± 3.8 199 ± 4.5 12.9** ± 3.94 (5.1) 37.9** ± 6.14 -.9 ± 7.94 ADG, g 753 ± 16.2 983 ± 19.7 928 ± 17.1 807 ± 20.0 54** ± 17.6 (5.4) 175** ± 27.5 -.2 ± 35.6
† P < .10. *P < .05. **P < .01. Table 4 . Direct heterosis, maternal breed, and direct breed effects for feedlot performance of Hereford (H × H), Senepol (S × S), Hereford × Senepol (H × S), and Senepol × Hereford (S × H) steers (least squares means ± SE) Table 5 . Direct heterosis, maternal breed, and direct breed effects for carcass traits of Hereford (H × H), Senepol (S × S), Hereford × Senepol (H × S), and Senepol × Hereford (S × H) steers (least squares means ± SE) a 300 = slight, 400 = small. b 100 = A, 200 = B. c 500 = Select, 600 = Choice. d Scored on an 8-point scale ( 2 = very light cherry red, 3 = light cherry red). e Scored on a 7-point scale ( 2 = fine, 3 = moderately fine). f Scored on a 7-point scale ( 2 = firm, 3 = moderately firm). g Scored on a 4-point scale ( 1 = white, 2 = cream). .05) and approached significance for longissimus muscle area (4.6 cm 2 ; P < .10). Therefore, the significant maternal breed advantage for BW of the H × S calves was observed consistently throughout Phase II (i.e., weaning weight, initial feedlot BW, final feedlot BW, and hot carcass weight). Hereford-sired calves had less estimated kidney, pelvic, and heart fat ( −.82%; P < .01). Generally, levels of heterosis have been high for carcass traits associated with growth but low for other carcass traits (Cundiff, 1970; Long, 1980) . Furthermore, feeding the steers to a common fat thickness may also have decreased the variation in carcass traits observed between breeds in the present study.
There were no breed differences observed for USDA yield grade or USDA quality grade (Table 5) . Furthermore, USDA quality grades for all carcasses were either Choice or Select (46% of H × H graded Choice and 54% graded Select, 36% S × S graded Choice and 64% graded Select, 47% H × S graded Choice and 53% graded Select, and 54% S × H graded Choice and 46% graded Select). This is in agreement with previous data reported from our location that indicated similar USDA quality and yield grades among S × S, H × H, and S × H steers fed to a common estimated backfat end point (Mujica et al., 1995) . Other data collected from our location suggested that carcasses from Senepol × Angus steers were about onethird of a USDA quality grade higher and had Warner-Bratzler shear force values slightly lower than those from Brahman × Angus steers, and yield grades were similar (Butts, 1987a) . Other data generally indicated similar carcass quality and yield among S × S-sired and Brahman derivative breed-sired crossbred progeny fed to a common backfat end point (Olson, 1987a; Crews et al., 1995) . Carcass data collected from steers fed for 135 d indicated that USDA quality grades were highest for Angus-sired, lowest for Zebusired, and intermediate for S × S-sired steers, and that yield grade was slightly lower for S × S-than for Angus-or Zebu-sired steers . When fed for a similar duration, Red Poll-sired calves were reported to have higher USDA yield and quality grades than S × S-or Longhorn-sired calves (Franke and McMillin, 1987) .
There is no clear explanation for the maternal breed effect observed in the present study for WarnerBratzler shear force. Neither direct heterosis nor direct breed effects were significant for WarnerBratzler shear force. The finding that Warner-Bratzler shear force did not differ between S × S and H × H steers in the present study is of importance. Previous studies have indicated that Bos indicus and their crosses with Bos taurus have higher Warner-Bratzler shear force values and tenderness is less than in Bos taurus or Bos taurus crosses (Cundiff, 1970; Franke, 1980; Crouse et al., 1989) . That Senepol, a tropically adapted Bos taurus beef breed, had tenderness similar to that of Hereford in the present study suggests that this breed may have potential for providing adaptation to production environments in the southern United States without the disadvantage of providing beef with undesirable tenderness.
